In this paper we report on our first attempt to study these features in more depth by probing the effects of the thermal lattice fluctuations with optical methods on the model compound KQ3Mo03 and its alloys, where, furthermore, the static disorder due to random positions of the counterions is absent. Moreover, from our obervations we find that the phase phonon modes (phasons) also contribute considerably to the thermal fluctuations and play an important and decisive role in the temperature dependence of the disorder parameter. In this respect, our experimental data agree with a recent theoretical prediction. ' The KQ 3Mo03 specimens used in this study have been grown by electrolytic reduction of the starting materials (i.e. , K2Mo04 and MoOs), as described in detail in Ref. 4. Reflectivity measurements as a function of temperature and with light polarized parallel to the chain direction were then performed in a broad photon energy range &om 10 down to approximately 15 cm, using several spectrometers with overlapping energy ranges. The reflectivity measured over such a broad energy spectral range has been used for the Kramers-Kronig transformations, from which we obtain the optical functions The complete excitation spectrum of KQ 3Mo03 has
Thermal lattice Suctuations in charge-density-wave (CDW) condensates have been studied by means of optical investigations on the prototype CDW compound K0.3Mo03 and its alloys. The temperature dependence of the CDW gap absorption in the mid-IR frequency range is strongly indicative of the important role played by the thermal lattice Huctuation effects. The latter remove the inverse-square-root singularity, expected for the case of the static distorted lattice. In fact, a considerable broadening (i.e. , larger than ktsT) of the subgap tail absorption is found by increasing the temperature towards TgDw. Moreover, we find that the phase phonon modes also give an important contribution to the disorder parameter, thus being an essential ingredient for the thermal Buctuation effects.
Many quasi-one-dimensional materials undergo a structural instability known as the Peierls or chargedensity-wave (CDW) instability.
Among a large variety of one-dimensional systems the so-called blue-bronze compound KQ 3Mo03 is the prototype CDW material. It undergoes a CDW transition at TgD~-- In this paper we report on our first attempt to study these features in more depth by probing the effects of the thermal lattice fluctuations with optical methods on the model compound KQ3Mo03 and its alloys, where, furthermore, the static disorder due to random positions of the counterions is absent. Moreover, from our obervations we find that the phase phonon modes (phasons) also contribute considerably to the thermal fluctuations and play an important and decisive role in the temperature dependence of the disorder parameter. In this respect, our experimental data agree with a recent theoretical prediction. ' The KQ 3Mo03 specimens used in this study have been grown by electrolytic reduction of the starting materials (i.e. , K2Mo04 and MoOs), as described in detail in Ref. 4. Reflectivity measurements as a function of temperature and with light polarized parallel to the chain direction were then performed in a broad photon energy range &om 10 down to approximately 15 cm, using several spectrometers with overlapping energy ranges. The reflectivity measured over such a broad energy spectral range has been used for the Kramers-Kronig transformations, from which we obtain the optical functions been presented and thoroughly discussed elsewhere. 4 For the present discussion, we will concentrate our attention on the mid-IR spectral &equency window. In this respect, Fig. 1 ' determines the properties of the subgap states (where A is the dimensionless electron-phonon coupling). At T = 0 it is also possible to write rJ = (2b, /W)(bu/ua)z (where W is the bandwidth). Hence, when W is larger than the gap, as it usually is, the effect'of the lattice Buctuations is reduced. This explains why a reasonably well-defined gap is still possible (i.e., measurable) when bu ua.
The calculation of the optical conductivity reproduces the basic features found in the calculation of the density of states. Even more interesting is the universal scaling form of the strong subgap conductivity. In fact, by scaling the calculated conductivity at different temperatures by the corresponding peak value (crz, 1, ) and the frequency by the half width (I') for the low-frequency side of the oq peak, the scaled curves for all g values have a universal form independent of g below the peak &equency (sr~, l, ). Figure 2 shows the scaling of the experimental optical conductivity (Fig. 1) for the pure blue bronze at several temperatures. As suggested theoretically, we recover also experimentally the universal behavior. (Fig. 2) Similar results can be found by rescaling the optical conductivity of other one-dimensional systems as well, like, e. g., KCP, Pt-halogen chain, i (CH)
From the evaluation of the data leading to the universal scaling form discussed above, it is thea. possible to extract the temperature dependence of the disorder parameter. This is obtained by choosing g such that the computed I'(il)/~p, i, (il) is equal to I'(T)/or~, ak(T). ' The exPerimental values of rl(T) (full dots refer to KQ 3MoOs, and triangles to Ko sMoi W Os, with x = 1.5%%up) are shown in Fig. 3 . A comparison of the experimental values of q(T) with the theoretical prediction of Eq. (1) using reasonable parameters would not be very satisfactory, unless one assumes an additional and very large extrinsic disorder (rl, ), for which it would be difficult to find a plausible justi6cation. However, it is possible to take into account the eKect of the so-called phasons within the same theoretical framework leading to Eq. (1).
2 is is The result is that the disorder parameter is now given by .A"~"vr (Ru") rI(T) =rl, +rl;+) " " cothI " I,~" (2E, (2) where rh is the contribution of Eq. (1) and A"and~" are the dimensionless electron-phonon coupling and frequency, respectively, of the phasons.
The theoretical fit to the experimental points (dashed line in Fig. 3 
